Introduction
Fat and moisture content of meat products are important to the consumer, producer, and researcher. Conventional chemical procedures for determining moisture (drying), fat content (ether extract), and protein (Kjeldahl) are too slow for many purposes and use hazardous and(or) expensive chemicals. Nearinfrared reflectance spectroscopy ( NIRS) is often used as a rapid technique for the determination of moisture, protein, and fiber in forages and fat and carbohydrates in cereals (Clark, 1989) .
Lanza ( 1983) compared near-infrared reflectance and transmittance to determine moisture, protein, fat, and calorie content of emulsified pork and beef.
J. h i m . Sci. 1994. 72:925-931 Swatland ( 1983) used fiber optics to examine differences in normal and pale or soft and exudative pork tissue. Mitsumoto et al. (1991) compared near infrared reflectance, transmittance, and fiber optics in determining physical and chemical characteristics in beef cuts.
This study reports on the use of light spectroscopy instruments to measure moisture and fat in uncooked, ground beef. Samples were packed in cups (reflectance) or directly scanned with fiber optics (interactance). Different spectral regions were also examined.
Materials and Methods
The 302 meat samples used in this study were collected from beef cattle on different feed levels to create differences in body composition. Samples were collected from different components of the carcass to obtain data on distribution of composition. The cattle were slaughtered, carcasses were aged for 3 d, and the right half was sampled for analysis. Fifty cattle were nents: rear quarter, rib section (Hankins and Howe, 1946) , and front quarter minus rib section. Seventysix cattle were sampled by dividing the carcass into sampled by dividing the carcass into three compo2To whom correspondence should be addressed.two components: a rib steak taken a t the 12th rib and the right half minus the rib steak. These carcass components were deboned and ground twice through a 1-cm plate, and approximately 5 kg of grab sample was accumulated from the second grind. This initial sample was reground a third time (3-mm plate) (AOAC, 1990) , and two 400-to 600-g subsamples were frozen in Whirl-pak bags (Nasco, Janesville, WI). A subsample was selected a t random for chemical analysis. It was thawed, reground through a Wiley mill (Arthur Thomas, Philadelphia, PA) with Dry Ice and further subsampled to determine DM by air drying (AOAC, 1990) and fat by ether extraction in a Goldfisch extractor (AOAC, 1990) . Each determination was done in duplicate. Subsamples for light spectroscopy analysis remained frozen in Whirl-pak bags until they were processed. Spectra examined included short wavelength ( SW), 400 to 1,100 nm; mid wavelength ( M W ) , 1,100 to 2,500 nm; and a combination of short and mid wavelengths ( SW+MW), 400 to 2,500 nm. We will not use the term NIR in this paper because both near-infrared and visible light were used, as well as both reflectance and interac tance.
MW-6250
Samples were thawed and aliquants were packed in plastic cups (38 mm diameter x 10 mm deep) in triplicate with a transparent quartz cover glass and scanned using a NIRSystems (NIRSystems Inc, Silver Spring, MD) Model 6250 scanning monochromator equipped with a drawer that rotated the samples during scanning. Each sample was scanned with data collected every 2 nm from 1,100 to 2,500 nm using USDA software (Shenk, 1989 ) on a Microvax 3100 computer (Digital Equipment, Nashua, NH). Spectra were generated by reflectance and averaged for each sample before regression analysis. Samples were split into calibration and validation sets using the program SUBSET (Windham et al., 19891 , which examines the spectra of the samples and measures similarity between samples by R2 to identify those samples needed for calibration.
S W-6500, M W-6500, and S W + M W-6500
Samples also were scanned after thawing while in the Whirl-pak bags using a n NIRSystems (catalog. no. NR-6620,AN05X) 1.52-m fiber optic attachment (Figure 1 ) connected to a NIRSystems Model 6500 spectrophotometer. The end of the attachment had seven sapphire-coated openings, three emitters (. 1 6 cm wide), and four detectors (.08 cm wide). Spectra were generated by interactance (light enters and is emitted from object at varying angles) rather than reflectance (light enters object a t one angle and is emitted at varying angles). Each sample was scanned at two different locations on the Whirl-pak bags and the spectra were averaged. Spectra were collected every 2 nm from 400 to 1,100 nm (SW-6500), 1,100 to 2,500 nm (MW-6500), and 400 to 2,500 nm (SW+MW-6500) using an IBM-compatible PC with IS1 software (ISI, Port Matilda, PA). Samples were then split into calibration and validation sets using the program SELECT (Shenk and Westerhaus, 19911 , which uses a different algorithm from the SUBSET program described above.
The fiber optic attachment reduces energy throughput in the higher wavelength region (Figure 2 ) due to the glass used in the fiber bundles. Energy loss is evident by the high absorbance values ( > 2 ) for the 1,450-nm peak and the lack of peaks beyond 1,700 nm. There were no statistical differences during calibration when all wavelengths were available. However, results from SELECT indicated that all the samples were needed for calibration, probably because the energy loss created too much variation. Therefore, interactance values beyond 1,500 nm were excluded from consideration when using SELECT and during regression development for the MW-6500 and SW+MW-6500 tests.
Calibration and Validation
Wet chemistry values were entered for each sample before calibration and validation. 
Results and Discussion
To check the repeatability of aliquanting for cups (MW-6250) ( n = 3 ) and fiber optics (SW-6500) ( n = 2), only spectra for each aliquant were examined by computing root mean squares corrected for bias ( RMS,) and R2 values for each sample pair within a group, and an overall average RMS, and R2 were computed for each group using the following formula: RMS, and R2 values of 11, 670 t o 12, 545 and .9993 to .9995, respectively, compared to 11, 574 and .9992 for fiber optics (SW-6500). It seems that the repeatability using fiber optics is equivalent to packing two or more cups. Table 1 shows the chemical data (using AOAC procedures) for the samples used for calibration and validation. The range in chemical composition was more diverse than those in any of the previously cited studies because the composition of samples from the slaughter trials was more variable. The number of samples used for calibration and validation are a result of the programs SUBSET and SELECT. Because the same samples were used for each test ( n = 3021, differences in samples used for calibration were due to the manner in which the programs examined the spectra to determine which samples t o use, wavelength regions (SW vs MW vs SW+MW), and sample presentation (cups vs fiber optics). Calibration statistics (Table 2 ) for the different instruments and wavelength regions showed that SEC (percentage) ranged from 1.62 to 2.38 and 1.62 to 2.66 for fat and DM, respectively. The SEC includes the error associated with the chemical procedure and the error associated with regression. A high SEC is a result of large amounts of variation in spectra and(or) chemistry or poor chemical determinations (poor laboratory techniques). The SEC and R2 values were lowest with MW-6250, followed by SW+MW-6500 for calibrating for DM and fat. Lanza (1983) reported SEC of 5 4 and .26% and R-values of .98 and .83 for moisture and fat, respectively, using cups; however, the range in concentration for moisture and fat was considerably lower (65.7 to 74.5 and 3.1 to 14.0%, respectively). Mitsumoto et al. (1991) noted that SEC were slightly higher and R values were lower for moisture and fat calibration with fiber optics than with reflectance or transmittance methods. Math treatments (Table 2 ) varied between methods and spectral regions; however, applying a first or second derivative to the spectral data produced better calibrations than did no derivatization (data not shown).
Wavelength selection during calibration showed similar patterns within a region regardless of the method of sample presentation (cup vs fiber optics). The MW-6250 and MW-6500 both chose wavelengths in the 1,200-nm area as the primary wavelength for DM determinations. When SW and MW spectra were collected, regression analysis chose most of the wavelengths from the SW region for DM and fat. Many wavelengths selected in this study were similar to wavelengths reported by other researchers (BenGara and Norris, 1968; Lanza, 1983; Mitsumoto et al., 1991) . Although MW-6250 had lower SEC for DM and fat, validation statistics (Table 3 ) showed that the standard errors of performance ( S E P ) for DM and fat were comparable to those of other tests. The SW+Mw-6500 had the highest SEP for DM, followed by MW-6500 (3.01 and 2.85%, respectively). The SW-6500 = mid wavelength (1,100-2,500 nm); SW = short wavelength (400-1,100 nm); 6250 =instrument, model number using cups (reflectance); 6500 = instrument model number using fiber optics (interactance).
had the lowest SEP for DM and fat (2.34 and 1.9296, respectively). Standard error of performance is the difference between chemical values and values determined by light spectroscopy (i.e., a true indication of the performance of the equation on another group of samples). These errors are higher than those reported by other researchers (Ben-Gara and Norris, 1968; Kruggel et al., 1981; Bjarno, 1982; Lanza, 1983; Chevalier et al., 1990; Mitsumoto et al., 1991) and are probably due to the more diverse chemical composition of samples in this study. Ben-Gara and Norris (1968) reported that sample thickness affected fat and moisture determinations in emulsions of meat products using near-infrared transmittance. Kruggel et al. (1981) noted that fat, moisture, and protein content in emulsified fresh beef and ground lamb were affected by temperature generated from repeated scans when using NIRS. Simple coefficients of determination were lowest for DM (.78, .81, .86, and .73, for MW-6250, MW-6500, SW-6500, and SW+MW-6500, respectively), the same pattern as R2 values determined during calibration.
Sample selection for calibration and validation can result in considerable diversity, as shown in Tables 2  and 3 . Although MW-6250 results seemed to be the most promising during calibration, validation results showed that SW-6500 performed better and MW-6250 worse than the other tests. Most of this difference is due to the way in which the two programs (SUBSET and SELECT) selected samples for calibration. A test .90 aMW =mid wavelength (1,100-2,500 nm); SW = short wavelength (400-1,100 nm); 6250 =instrument model number using cups (reflectance); 6500 = instrument model number using fiber optics (interactance). bSEP = Percentage standard error of performance. CBias = Light spectroscopy mean minus the chemical mean.
involving MW-6250 samples (data not shown) revealed that the SUBSET program selected fewer samples than did SELECT ( n = 42 and 71, respectively), although the ranges in chemical composition were similar. Furthermore, calibration statistics for SE-LECT were worse (SEC and R2 of 2.67 and 2.66%; .95 and .90 for fat and DM, respectively) and validation results were similar to those achieved with SUBSET. The MW-6500 and SW+MW-6500 required the most samples for calibration, probably due to increased spectral variation within the MW region caused by the fiber optics; the maximum number of samples that MW-6250 required using the program SELECT was 71.
lot ! Figure 3 . Spectra (second derivative of log 1I1, where I = interactance) from 400 to 1,100 nm (SW-6500) of high-and low-fat ground beef samples scanned with fiber optics through Whirl-pak bags. Locations of wavelengths chosen during calibration for fat IF) and DM (D) are depicted. Figure 2 shows the log spectrum using fiber optics in the MW region. As noted above, loss of energy is evident at about 1,800 nm; however, high absorbance values (> 2 ) occurred at the 1,500 nm peak, approaching the limits of the instrument. The lack of peaks beyond 1,700 nm are a result of exceeding the detection limits. Upon derivatization, energy loss was evident at approximately 1,600 nm and wavelengths beyond 1,500 nm were excluded during calibration.
Figures 3 to 5 show the spectra (second derivative) of high-and low-fat samples from the SW-6500, MW-6250, and MW-6500, respectively. The approximate location of the wavelengths for DM and fat selected during regression analysis are shown for each region and instrument. Because the spectra were derivatized, the more negative the peak, the greater the concentration of that particular chemical bond. The predominant wavelengths selected for DM determinations (SW-6500) occurred between 700 and 1,000 nm (Figure 3) . The most notable difference in these areas occurred around 920 nm. Mitsumoto et al. (1991) noted that 1,186, 1,058, 950, and 732 nm were used for moisture analysis using fiber optics with beef cuts. A peak at 930 nm (Figure 3 ) explains why the two wavelengths used during calibration were 920 and 936 nm. Mitsumoto et al. (1991) used 1,190, 1,057, 1,000 , and 737 nm for the determination of fat with fiber optics. Differences in the spectra between 700 to 750 nm area were also used to measure DM and fat.
Spectra from samples scanned in cups with the 6250 (Figure 4 ) showed a slight skewing of the water peak at 1,900 nm compared to the water peak at 1,450 nm. The 1,900-nm peak should be at 1,950 nm and larger than the 1,450-nm peak because the 1,950-nm peak is a combination region containing the primary O-H bond. The log plot of MW-6250 (not shown) resembled Figure 2 during packing, some were still present and more time was required to process each cup. Kruggel et al. ( 198 1) noted differences in calibration and validation results of emulsified and ground meat. Spectra (Figure 4 ) at the wavelengths chosen for DM and fat also differed, although the differences were less apparent than at other locations. Wavelengths chosen for DM were similar to those reported by Lanza (19831 (1,446 n m ) and Mitsumoto et al. (1991) (1,139 and 2,156 nm). Fat wavelengths were similar to wavelengths reported by Ben-Gara and Norris (1968), Lanza (19831, and Mitsumoto et al. (1991) .
The spectra from MW-6500 ( Figure 5 ) show differences in high-and low-fat samples. Wavelengths chosen for DM and fat were grouped closer than those for MW-6250 (Figure 4 ) due to the loss of the wavelengths above 1,500 nm, which may have otherwise been used. There were large spectral differences where wavelengths were chosen for calibration. Wavelengths were similar to wavelengths reported by others for DM (Mitsumoto et al., 1991) and for fat (Lanza, 1983) . Murray and Williams (1987) reported that the wavelengths chosen for DM (1,148, 1,220, and 1,248 n m ) were related to secondary overtones of 0-H stretch and 1,388, 2,028, and 2,148 nm were related to primary overtones of 0-H stretch. All the wavelengths chosen for fat were related to 0-H and C-H bonds, either primary or secondary overtones.
The accuracy of light spectroscopy is limited by the accuracy of the chemical analysis on which calibration is based and, consequently, can be no better than that of the chemical method. However, the precision of j' : Figure 5 . Spectra (second derivative of log 111, where I = interactance) from 1,100 to 1,600 nm (MW-6500) of high-and low-fat ground beef samples scanned with fiber optics through Whirl-pak bags. Locations of wavelengths chosen during calibration for fat (F) and DM (D) are depicted.
light spectroscopy is better than that of wet laboratory procedures. Light spectroscopy was an acceptable alternative t o wet chemistry analyses for DM and fat of ground beef samples. In addition, scanning the samples through Whirl-pak bags with this fiber optic attachment was quicker (reduced the need to pack and wash cups) and seemed to be more accurate than scanning samples in a cup. With this fiber optic attachment, the SW region seems better suited for determining fat and DM than do the MW or combined SW and MW regions.
Implications
The use of light spectroscopy to determine the chemical composition of meat reduces the use of hazardous and(or) expensive chemicals, disposal of chemicals, and exposure of laboratory personnel to chemicals. This method is rapid and produces multiple analyses per sample. Use of samples with a large range in chemical composition will produce higher errors, which can be reduced by using less diverse samples in calibrations. However, one risks the chance of analyzing samples that may not fit in any of the less diverse calibrations.
